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(57) Abstract 

A semiconductor component may be manufactured by forming in a surface of a silicon body (1) a number of recessed sur- 
face portions having essentially plane bottom surfaces and a predetermined depth, deposing on said surface, including said re- 
cesses, a diamond layer (3) having a thickness exceeding the depth of said recessed surface portions, said diamond layer having 
first surface parts (12a, 12b) adjoining the bottoms of said recesses, bonding said silicon body to said substrate with said diamond 
layer facing the substrate, removing parts of said silicon body distant from said substrate down to a plane (C-C) determined by 
the surfaces of said first parts (12a, 12b) of said diamond layer. 
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Method for the Manufacture of a Semiconductor Component 
Technical Field 

The present invention relates to a method for the manufac- 
ture of a semiconductor component, said component having a 
substrate, a diamond layer on said substrate, and at least 
one active silicon layer on said diamond layer, at least one 
semiconductor circuit component being formed in said active 
silicon layer. 

Background Art 

It is known to manufacture single semiconductor components 
and integrated circuits in the so-called SOI technology, 
which results in a great flexibility in the design and use 
of the components or circuits by their being electrically 
insulated from the substrate and from each other. In said 
technology the component or circuit is formed in a layer of 
semiconducting material, usually silicon, which layer is 
arranged on an electrically insulating substrate. This 
substrate usually is a body of semiconductor material, for 
instance silicon, having an electrically insulating layer, 
such as silicon dioxide, upon which the active silicon layer 
is arranged. In order to obtain a sufficient electrical 
insulation between the substrate and the component or 
circuit, the silicon dioxide layer has to be relatively 
thick, typically at least one or a few \im. Silicon dioxide 
does, however, have poor thermal properties, especially a 
low thermal conductivity. This fact results in components of 
this kind having a limited power handling capacity. Further, 
such components are sensitive to radioactive (ionizing) 
radiation. Such radiation results in the formation of 
electron-hole pairs in the oxide layer, the holes remaining 
in the oxide and causing a charging-up of the oxide layer, 
and also resulting in surface states at the junction between 
the active silicon layer and the oxide layer. Both these 
phenomena influence in a negative manner the function of the 
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component or circuit formed in the active silicon layer. 

It is also known that diamond is a material combining good 
electrical insulation with a high thermal conductivity and a 
high thermal capacity. It has therefore been proposed to use 
diamond as a substrate, or to use a diamond layer as 
electrical insulation between a substrate and active semi- 
conductor layers. The direct junction beween the diamond 
material and the active silicon layer has, however, proved 
to cause insufficiently controlled surface states, which ^ 
will influence in a negative manner the function of the 
components or circuits formed in the active layer. 

Prior art components of this kind have required complicated 
manufacturing processes. It has been difficult to achieve a 
closely controlled thickness of the active silicon layer, 
and therefore it has been difficult or impossible to manu- 
facture components with thin active layers. Some of the 
processes used have also tended to generate defects in the 
active layer. In those cases where the active layer (or 
several separate active layers) has or have been deposited 
on the diamond layer various so-called corner effects (such 
as increased electrical fields or crystal defects) have been 
hard to avoid at the edges of the layer or layers . 



Disclosure of the Invention 



The present invention has as an object to obtain a simple 
and advantageous method for manufacturing semiconductor 
components of the kind initially referred to. 

A further object is to obtain a manufacturing method, by the 
use of which a closely controlled thickness of the active 
layer or layers may be achieved in a simple manner, and 
which method makes it possible to manufacture very thin 
active layers. 

Another object is to obtain a manufacturing method which 
results in a component, in which the so-called corner 
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effects are avoided at the edges of the active layers. A 
further object of the invention is to obtain a manufacturing 
method which gives a component with a high resistance 
against radiation effects (good radiation hardness) . 

Brief Description of the Drawings 

A preferred embodiment of the invention will be described 
below referring to the enclosed drawings 1-3, which illus- 
trate various stages of the manufacturing process , Figure 1 
shows the silicon body, which is to form the active layers/ 
after the generation of a diamond layer and a polycrystal- 
line silicon layer. Figure 2 shows the assembly generated by 
bonding the silicon body to the substrate. Figure 3 shows 
the final assembly before separation into individual 
components . 

Description of the Preferred Embodiments 

According to a preferred embodiment of the invention the 
manufacture is started with a body 1 of monocrystalline 
silicon, which has a plane surface (the upper surface in 
figure 1) . Recesses la, lb etc are formed in a surface of 
the body. The recesses form a square lattice. The silicon 
remaining between the recesses forms square mesas 10a, 10b, 
10c etc. Each mesa will eventually form an active silicon 
layer. The lateral dimensions of the mesas are adapted to 
the component, the components, or to the integrated circuit 
to be formed in the mesa. The same applies to the height of 
the mesas, which is equal to the depth of the recesses la, 
lb etc. A typical mesa may have the form of a square with 
the length of its sides being betweenlO Jim and 1 mm. The 
depth of the recesses, that is, the height of the mesas 
eventually to be formed, may typically be 0.5 \lm. The width 
of the recesses may be 2 - 10 pjn. 

The recesses are formed by etching, using, for instance, 
conventional photolitographic technology to define the parts 
to be etched and masking those parts of the surface not to 
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After the etching procedure a thin layer 2 of silicon 
dioxide is formed on the surface of the silicon body. This 
layer prevents direct contact between the active silicon 
layer and the diamond layer in the finished component, 
thereby preventing or reducing undesirable surface states. 
The oxide layer 2 is preferably thin in order to reduce the 
formation of charge carriers in the layer if the component 
is subjected to radiation. The thickness of the layer is 
preferably not greater than 0.02 fim, and' it should not 
exceed 0.05 Jim. 

The oxide layer 2 may be generated by thermal oxidation of 
the silicon in a moist oxygen atmosphere, followed by a heat 
treatment in an inert atmosphere. This method has proved to 
result in a low tendency of format-ion or capture of charge 
carriers in the oxide layer when the component is subjected 
to radiation. 

As the next step a polycrystalline diamond layer 3 is formed 
on the oxide layer 2. The diamond layer may advantageously 
be formed by a so-called hot wire CVD technique. Alterna- 
tively a so-called plasma jet technique may be used for the 
formation of the diamond layer. The thickness of the diamond 
layer should exceed the depth of the recesses la, lb etc. A 
typical thickness could be between 1.0 |lm and 20 Jim. 

Thereafter a layer 4 of polycrystalline silicon is grown on 
the surface of the diamond layer 3 by means of any of 
several well-known methods. As the formation of such a layer 
is typically a slow and therefore expensive process, the 
thickness of the polycrystalline silicon layer* 4 is 
preferably kept as low as possible. The primary function of 
this layer is to accommodate unavoidable surface unevenness 
of the diamond layer, and to make it possible to obtain the 
very plane and smooth surface neccessary for the subsequent 
bonding to the substrate. The thickness of the polysilicon 
layer 4 should not be greater than -necessary to achieve this 
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object. A typical thickness could be 6[im. The required 
thickness of layer 4 may be reduced by grinding and/or 
polishing the surface of the diamond layer 3 to a high 
degree of planeness and evenness before application of the 
polysilicon layer 4 . 

After these process stages the state of the silicon body 1 
with the layers applied thereon is the one shown in figure 
1. 

As the next step the surface of the polysilicon layer 4 is 
ground and/or polished in order to give the surface the high 
degree of planeness and surface finish necessary for the 
subsequent bonding to the substrate. After this operation 
the surface will be the one shown by the dashed line A-A in 
figure 1. 

Figure 2 shows the silicon body 1 with the finished surface 
A-A. A substrate in the form of a silicon body 5 is applied 
to the body 1 or, rather, to the surface of the layer 4 
applied to that body. That surface of the substrate 5 which 
faces layer 4 is, just as the surface of layer 4, brought to 
a high degree of planeness and surface smoothness by means 
of grinding and/or polishing. After applying said surfaces 
against each other the assembly is subjected to a heat 
treatment in a known manner, causing so-called thermal 
bonding between the surfaces. . 

As the next step the body 1 is removed, by grinding and/or 
polishing or other suitable method, to a depth determined by 
the plane C-C defined by the surfaces of those parts of the 
diamond layer 3, which are situated in the recesses la, lb 
etc. These parts of the diamond layer will, due to the great 
hardness of the diamond material, function as an automatic 
stop for the grinding/polishing procedure. The material 
removal will automatically stop when the above-mentioned 
parts of the diamond layer are reached. In this manner the 
thickness of the active layers is automatically controlled 
to a high accuracy, and this desired thickness will be 
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accurately obtained by means of a simple grinding/polishing 
operation. Also, the material removal may be made in such a 
manner as to introduce only minimum defects in the remaining 
active silicon layers 

Figure 3 shows the assembly after the removal of the body 1 
down to the plane C-C (this figure shows the assembly 
turned upside down in relation to its position in figures 1 
and 2) . The active layers 12a, 12b have the form of squares, 
separated by a continuous lattice of diamond ridges. As each 
active layer is laterally completely surrounded by the 
diamond material, the above-mentioned corner effects are 
completely eliminated. 

After this, the desired semiconductor circuits and/or 
components are formed in the active layers by conventional 
steps. Each active layer may comprise anything from one 
single component, such as a single transistor, up to one or 
more complicated integrated circuits. 

As a final step the assembly shown in figure 3 is divided 
into separate components, typically with one active layer 
per component. Division lines Bl-Bl and B2-B2 are shown in 
figure 3. The division is preferably done in a conventional 
manner by scribing the component surface and breaking it 
along the scribed lines. It may be advantageous to remove 
those parts of the diamond ridges, which are situated along 
the intended scribing lines, before the scribing and 
breaking operation. 

It should be pointed out that the figures are intended to 

illustrate the principle of the invention, and the 

dimensions etc shown in the figures are not necessarily 

« 

shown to scale. 

A component according to the invention may comprise additio- 
nal layers than those shown in the figures. For instance, a 
thin layer of a suitable material may be applied to the 
diamond layer 3 before application of the polysilicon layer 
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4 in order to improve the adhesion between these layers. 

The polycrystalline silicon layer 4 may alternatively be a 
layer of amorphous silicon. 

In the preferred embodiment described above the etched 
grooves la, lb etc (figure 1) form a continuous square 
lattice, and the active layers of the final product will 
therefore have the form of squares. Alternatively, by 
selecting another shape of the lattice formed by the 
grooves, the active layers may be geiven rectangular form 

in an alternative method according to the invention a layer 
of a suitable glass with a low melting point may replace the 
polysilicon layer 4. Such a glass may be a phosphorus- 
silicon oxide glass with 4% phosphorus having a softening 
point at approximately 1050 degrees centigrade. The phospho- 
rus glass layer is planarized by heating the body 1 to the 
softening point of the glass. Thereafter the substrate 5 can 
be bonded to the body 1 . The bond is further strengthened by 
another heat treatment close to the softening point. As the 
thermal conductivity of glass is lower than that of silicon, 
the glass layer should be as thin as possible in order not 
to impede the heat transfer from the active layers to the 
substrate . 

in the preferred embodiment described above the etched 
grooves la, lb etc (figure 1) form a continuous square 
lattice, and the final product as shown in figure 3 has a 
plurality of separate active layers 11a, lib, 11c etc 
separated by the diamond ridges 12a, 12b etc, which form a 
continuous lattice. Alternatively the recesses etched in the 
surface of the silicon body 1 may be separate from each 
other, for instance constitute a plurality of square 
recesses. In the final product as shown in figure 3 the 
active silicon layer will then be a continuous layer with a 
plurality of separate diamond mesas reaching the surface. 
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Claims 

1. A method for the manufacture of a semiconductor 
component, said component having a substrate (5), a diamond 
layer (3) on said substrate, and at least one active silicon 
layer (11a, lib) on said diamond layer, at least one semi- 
conductor circuit component being formed in said active 
silicon layer, said method comprising the steps of 

forming in a surface of a silicon body (1) a number of 
recessed surface portions (la, lb) having essentially plane 
bottom surfaces and a predetermined depth, 

depositing on said surface, including said recesses, a 
diamond layer (3) having a thickness exceeding the depth of 
said recessed surface portions, said diamond layer having 
first surface parts (12a, 12b) adjoining the bottoms of said 
recesses, 

bonding said silicon body to said substrate with said 
diamond layer facing the substrate, 

removing parts of said silicon body distant from said 
substrate down to a plane (C-C) determined by the surfaces 
of said first parts (12a, 12b) of said diamond layer. 

2. A method according to claim 1, which includes the step 
of forming a layer of silicon dioxide (2) on said surface of 
said silicon body (1) after forming said recesses and before 
depositing said diamond layer. 

3. A method according to claim 2, said silicon dioxide 
layer (2) having a thickness not exceeding 0.05 flm. 

4. A method according to claim 1, including the step of 
depositing a layer (4) of polycrystalline silicon on the 
surface af said diamond layer (3) before the bonding of said 
silicon body (1) to said substrate (5) . 
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5. A method according to claim 4, including the step of 
forming a plane surface (A-A) with a high surface finish on 
said polycrystalline silicon layer (4) . 

6. A method according to claim 5, including the step of 
polishing the surface of said polycrystalline silicon layer 
(4) . 

7. A method according to claim 4, said polycrystalline 
silicon layer (4) having a thickness not exceeding 10 |lm. 

8 A method according to claim 1, including the steps of 

forming on the surface of said diamond layer (3) a layer of 
glass, 

planarizing said glass layer by heating to the softening 
point of the glass, and thereafter 

bonding said body to said substrate. 

9. A method according to claim 1, said diamond layer (3) 
having a thickness of at least 1 Jim. 

10. A semiconductor component having a substrate (5), a 
diamond layer (3) bonded to said substrate, and an active 
silicon layer (lib) adjacent to a surface (OC) opposed to 
said substrate and separated from the substrate by the 
diamond layer, wherein parts (12a, 12b) of said diamond 
layer (3) extend to said surface. 

11. A semiconductor component according to claim 10, in 
which said active layer (lib) is completely surrounded by 
parts (12a, 12b) of said diamond layer (3) extending to said 
surface (C-C) . 

12 . A semiconductor component according to claim 10, 



WO 93/01617 10 PCT/SE92/00390 

comprising a layer of silicon dioxide (2) between said 
diamond layer (3) and said active layer (lib) . 



13. A semiconductor component according to claim 12, said 
silicon dioxide layer (2) having a thickness not exceeding 
0.05 \m. 

14. A semiconductor component according to claim 10, said 
diamond layer (3) having a thickness of at least 1 \im. 
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